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英文简称 英文全称 中文全称 
IBD Inflammatory Bowel Disease 炎症性肠病 
AIF Apoptosis-Inducing Factor 凋亡诱导因子 
DSS Dextran Sulfate Sodium 葡聚糖硫酸酯钠 
Ber Berberine 黄连素 
ROS Reactive Oxygen Species 活性氧 
PCD Programmed Cell Death 程序性死亡 
BSA Bovine serum Albumin  牛血清白蛋白 
KC 
Keratinocyte Derviative Chemotactic 
Factor 
角质细胞衍生趋化因子 
COX-2 Cyclooxygenase-2 环氧合酶 2 
IL-17 Interleukin-17 白细胞介素-17 
DMSO Dimethyl Sulfoxide  二甲亚砜 
EGF Epidermal Growth Factor 表皮生长因子 
EGFR Epidermal Growth Factor Recpter 表皮生长因子受体 
ERK Extracellular Signal-Regulated Kinase 细胞外调节蛋白激酶 
FBS Fetal Bovine Serum 胎牛血清 





IL-6 Interleukin-6 白细胞介素-6 
iNOS Inducible nitric Oxide Synthase 诱导型一氧化氮合酶 
JNK C-Jun N-terminal Kinase c-jun 氨基末端激酶 
PARP Poly ADP-Ribose Polymerase 多聚 ADP 核糖聚合酶 
LPS Lipopolysaccharide 脂多糖 















APC Adenomatous Polyposis Coli 结肠腺瘤样息肉基因 






AP21 Activator Protein21 激活因子蛋白 21 
MMP-9 Matrix Metalloproteinase-9 基质金属蛋白酶-9 
MMPs Matrix Metalloproteinases 基质金属蛋白酶类 
MTS Methyl Thiazolyltetrazolium 四甲基偶氮唑 
NF-κB NuclearFactor-κB 核因子-κB 
PBS Phosphate Buffered Saline  磷酸盐缓冲液 
VEGF Vascular endothelial growth factor 血管内皮生长因子 
PDGF Platelet-Derived growth factor 血小板衍生生长因子 
IMCE 





Young Adult Mouse Colonic Epithelial 
Cell 
成年小鼠结肠上皮细胞 
PI Propidine Iodide 碘化丙啶 
PI3-K Phosphatidylinositol-3-kinase 磷脂酰肌醇-3-激酶 
SDS Sodium Lauryl sulfate  十二烷基硫酸钠 
Cbl Casitas B-lineage Lymphoma 泛素连接酶 
TGF-β Transforming Growth Factor-β 转化生长因子-β 
INF-γ Interferon- γ γ干扰素 
TNF-α Tumor Necrosis Factor-α 肿瘤坏死因子-α 
Cyt c Cytochrome c 细胞色素 c 
Apaf-1 
Apoptosis Protease Activating 
Factor-1 
凋亡相关因子-1 



























确此调控机制，我们以 Apc min 小鼠结肠上皮细胞（IMCE）和年轻的成年小鼠
结肠（YAMC）上皮细胞（正常结肠上皮细胞）以及人结肠癌细胞 HT-29 为研
究对象，在分子水平探讨黄连素诱导结肠癌细胞死亡的机制。结果显示，黄连
素诱导 IMCE 细胞和 HT-29 细胞死亡和 LDH 的释放，且具有时间和浓度依赖
性。我们发现，虽然黄连素在 IMCE 细胞中不能激活 caspase 和 cleavage-PARP，
使用 caspase 抑制剂对黄连素诱导的细胞死亡并无影响。但是，黄连素可诱导
IMCE 和 HT-29 细胞中凋亡诱导因子（AIF）从线粒体释放并发生核易位，这一
过程伴随 ROS 的产成。并且当抑制 ROS 的产生或是下调 AIF 的表达都可阻止
中黄连素诱导的 IMCE 和 HT-29 细胞死亡和 LDH 释放。此外，黄连素作用 IMCE
细胞后诱导组织蛋白酶 B 从溶酶体释放并且激活 PARP（两者均为 ROS 的靶向
产物）。而当抑制这两途径中的任何一个，均可降低黄连素诱导的 IMCE 细胞中
AIF 的产生和细胞死亡。因此，我们认为黄连素刺激 ROS 生产导致组织蛋白酶



















制结肠肿瘤细胞增殖。本研究结果显示，黄连素可显著抑制 IMCE 细胞和 HT-29
细胞中 EGFR 的基础表达水平以及 EGF 诱导的 EGFR 表达水平。我们发现，黄
连素诱导 IMCE 和 HT-29 细胞周期阻滞在 G1/S 和 G2/M 期，这一过程与参与
调控细胞周期相关基因的蛋白表达有关。此外，黄连素下调 EGFR 的表达的同
时，诱导 IMCE 细胞中泛素连接酶 Cbl 的表达，并且促进 EGFR 与 Cbl 的相互
结合以及 EGFR 的泛素化降解过程。并且采用 siRNA 下调 Cbl 的表达后，明显
阻碍了黄连素对 EGFR 的抑制作用。在裸鼠荷瘤实验中，黄连素抑制肿瘤的增
长，并抑制肿瘤组织中 EGFR 的表达和 ki67 的表达。另外，APCmin/+小鼠实验
中黄连素下调 APCmin/+小鼠肠上皮细胞中 EGFR 和 Cbl 表达，并抑制 ki67 的表
























Colorectal cancer is commonly known as colon cancer or bowel cancer, is a 
cancer from uncontrolled cell growth in the colon. Most colorectal cancers are 
developed from chronic intestinal disease. Chronic infection and inflammation have 
become an important risk factor for cancer. People with inflammatory bowel disease 
(IBD) are at increased risk of colon cancer. Berberine, an isoquinoline alkaloid 
derived from plants, has been used as a traditional medicine for treating bacterial 
diarrhea and intestinal parasite infections for several decades. Recent studies suggest 
that berberine exerts several other beneficial effects, including inducing 
anti-inflammatory responses. In vitro studies have shown that berberine regulates 
signaling pathways to inhibit inflammatory cytokine production and suppresses cell 
growth in several tumor cell lines. However, information is lacking regarding 
berberine’s effects on other diseases, such as inflammatory bowel disease (IBD) and 
inflammation-associated colon tumorigenesis, and the mechanisms of berberine’s 
action in diseases. The major challenge for IBD and colon cancer research is to 
develop new strategies for treating those diseases. In this study, to understand the 
mechanisms of berberine’s immunoregulatory effects on inflammation, we 
determined that berberine promoted recovery of DSS-induced intestinal injury and 
inflammation in mice.Berberine ameliorated DSS-induced body weight loss, 
shortening of the colon, injury and inflammation scores, which correlated with its 
inhibitory effects on inflammatory cytokine production by colonic macrophages and 
epithelial cells through suppressing MAPK and NF-κB signaling pathways..  
Although berberine has recently been shown to suppress growth of several 
tumor cell lines, information regarding the effect of berberine on colon cancer 
growth is limited. Here, we investigated the mechanisms underlying the effects of 
berberine on regulating the fate of colon cancer cells, specifically the mouse 















normal colon epithelial cells, namely young adult mouse colonic epithelial (YAMC) 
cells, and HT-29 cells (isolated from human colorectal adenocarcinoma). Berberine 
decreased colon cancer colony formation in agar, and induced cell death and LDH 
release in a time and concentration-dependent manners in IMCE cells and HT29 
cells. Berberine did not stimulate caspase activation, and PARP cleavage and 
berberine-induced cell death were not affected by a caspase inhibitor in IMCE cells. 
Rather, berberine stimulated a caspase-independent cell death mediator, 
apoptosis-inducing factor (AIF) release from mitochondria and nuclear translocation 
in a ROS production-dependent manner. Amelioration of berberine-stimulated ROS 
production or suppression of AIF expression blocked berberine-induced cell death 
and LDH release in IMCE cells. Furthermore, two targets of ROS production in cells, 
cathepsin B release from lysosomes and PARP activation were induced by berberine. 
Blockage of either of these pathways decreased berberineinduced AIF activation and 
cell death in IMCE cells. Thus, berberine-stimulated ROS production leads to 
cathepsin B release and PARP activation-dependent AIF activation, resulting in 
caspase-independent cell death in colon cancer cells. Notably, YAMC cells (normal 
colon epithelial cells) are less susceptible to berberine-induced cell death, which 
suggests the specific inhibitory effects of berberine on colon cancer cell growth. 
Expression and activation of epidermal growth factor (EGF) receptor (EGFR) is 
increased in colonic precancerous lesions and cancer, thus EGFR is considered a 
cancer promoter. In this study we also investigated the effects and mechanisms of 
berberine on regulation of EGFR and proliferation in colonic cancer cell lines and in 
vivo. We reported that berberine significantly inhibited basal level and 
EGF-stimulated EGFR activation and proliferation in the immorto Min mouse 
colonic epithelial (IMCE) cells carrying the APCmin mutation and human colonic 
carcinoma cell line, HT-29 cells. Berberine inhibition of proliferation is through 
inducing G1/S and G2/M cell cycle arrest, which correlated with regulation of the 
checkpoint protein expression and genes involved in cell cycle arrest and 
proliferation. To study the mechanisms of berberine’s action, we showed that 















activation and Cbl’s interaction with EGFR, and EGFR ubiquitination in these two 
cell lines in the presence or absence of EGF treatment. Knock down Cbl expression 
blocked berberine’s effects on down-regulation of EGFR and inhibition of 
proliferation. Furthermore, berberine suppressed tumor growth in the HT-29 cell 
xenograft model. Cell proliferation and EGFR expression level was decreased by 
berberine treatment in this xenograft model and in colon epithelial cells of APCmin/+ 
mice. Taken together, these data indicate that berberine enhances Cbl activity, 
resulting in downregulationof EGFR expression and inhibition of proliferation in 
colon tumor cells. 
These results not only reveal the molecular mechanisms of colon tumor cells’ 
death induced by berberine, but also suggest that a novel mechanism of berberine’s 
function and provideinsight into application of berberine for colon cancer therapy. 
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